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@ A video image processor for generating an en- 
hanced Image of data based upon input gray scale 
picture element values of image data of a document 
background and printed information contained there- 
on generates a histogram of the gray scale picture 
element values for each tile of image data for an 
area of the document representing the frequency of 
occurrence of picture elements of a particular gray 
scale value. A correlator processes each histogram 
to determine a black reference level and a white 
reference level for each tile. Normalization factors 
are calculated based upon the black reference level 
and the white reference level. The input gray scale 
picture element values for each tile of the image 
data associated with the normalization factors of 
each tile are normalized based upon the normaliza- 
tion factors for each tile and correlated to generate a 
normalized and correlated representation of the im- 
age data. 
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TECHNICAL FIELD OF THE INVENTION 

This invention relates to optical character rec- 
ognition systems, and nnore particularly to a nor- 
malizing correlator for processing video images. 

BACKGROUND OF THE INVENTION 

In optical character recognition systems, video 
image information is reduced to a black/white de- 
cision from multi-level gray scale information be- 
fore character recognition can be accomplished. 
The performance of any character recognition tech- 
nique is dependent upon the quality of the video 
information being processed. The technique for re- 
ducing multi-level image information to black/white 
decisions determines, in part, the quality of the 
video image. One such technique for data reduc- 
tion to black/white images is refen'ed to as correla- 
tion. Correlation techniques include those de- 
scribed in U.S. Patent Nos. 3,761,876 and 
4,162.481. 

In processing carbon, or carbonless, copies of 
an original document such as, for example, credit 
card receipt documents, many image scanning de- 
vices cannot produce a high quality image to cap- 
ture all information on the document Since the 
contrast of the carbon on the background is very 
low, standard thresholding techniques for Image 
processing fail to produce an image of acceptable 
quality. Additional imaging problems occur due to 
noise, including smudges, stray matter and inher- 
ent non-uniform characteristics of the paper. There- 
fore, existing correlation techniques are Inadequate 
for the processing of video images where print 
contrast ratios are low. 

A need has thus arisen for a video processing 
system to enable optical character recognition de- 
vices to be able to read multi-level gray scale 
information from a variety of documents and forms 
and where such information is printed on non-white 
documents and/or documents having noisy back- 
grounds. Additionally, a need has arisen for a video 
processing system which will enable optical char- 
acter recognition devices to read light characters 
that are typically not imaged correctly by standard 
image scanners. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, a 
video image processor for generating an enhanced 
Image of data based upon input gray scale picture 
element values of image data of a document back- 
ground and printed information contained thereon 
is provided. The processor generates histograms of 
the gray scale picture element values of image 
data for each tile in an area of the document 



representing the frequency of occun'ence of picture 
elements of a particular gray scale value. A cor- 
relator processes each histogram to determine a 
black reference level and a white reference level 

6 for each tile. Normalization factors are calculated 
based upon the black reference level and the white 
reference level. The input gray scale picture ele- 
ment values for each tile of the image data asso- 
ciated with the normalization factors for each tile 

10 are normalized based upon the normalization fac- 
tors for each tile and correlated to generate a 
normalized and correlated representation of the Im- 
age data. 

75 BRIEF DESCRIPTION OF THE DRAWING 

For a more complete understanding of the 
present invention and for further advantages there- 
of, reference is now made to the following Descrip- 
20 tion of the Preferred Embodiments taken in con- 
junction with the accompanying Drawing which is a 
block diagram of the present video image proces- 
sor. 

25 DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Referring to the Figure, a block diagram of the 
present video image processor is illustrated, and is 

30 generally identified by the numeral 10. Processor 
10 functions to convert gray scale image data to a 
black/white image which may be used, for exam- 
ple, for reading by an optical character recognition 
device. The present processor Includes a normaliz- 

35 ing correlator for normalization of the image to fill 
the entire dynamic range for areas or tiles of the 
image. As used herein, a "tile" refers to a portion 
of an area within a document. Background detec- 
tion circuitry is utilized in addition to black detec- 

40 tion circuitry. Gray scale image data in the form of 
picture element (pixel) values are applied to a 
histogram generation circuit 12. Histogram genera- 
tion circuit 12 functions to generate a histogram of 
the gray scale picture element values of the image 

45 data for each tile of the document. The histogram 
represents the frequency of occurrence of picture 
elements of a particular gray scale value. 

The output of histogram generation circuit 12 is 
applied to a histogram processing circuit 14 which 

50 functions to extract the significant peaks of the 
histogram by generating, for example, a second 
derivative or a smoothed Laplacian of the histo- 
gram data. The histogram data representing counts 
of picture elements of a particular gray scale value 

55 is converted to a positive and negative going signal 
through a smoothed Laplacian technique. The posi- 
tive peaks of the processed histogram correspond 
to the significant peaks of the original histogram 
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data. 

The black peak and a white reference is de- 
tected by detector circuit 16 which receives the 
output of histogram processing circuit 14. The 
white reference level is selected as being the gray 
scale value corresponding to the first zero after the 
white peak. The black peak Is the gray scale value 
having the largest positive number detected at the 
black end of the histogram scale. 

The output of histogram generation circuit 12 is 
also applied to a background percentage level de- 
tector circuit 18 which determines the gray scale 
value of the picture elements in a tile that have a 
predetermined percentage of picture elements in 
the tile which are lighter than the determined gray 
scale value. A background percentage level in- 
dicates which gray scale value in the tile cor- 
responds to the background in the image indicating 
the amount of the image that is background. 

The output of black peak and white reference 
detector circuit 16 and the background percentage 
level detector circuit 18 is applied to a print con- 
trast ratio (PGR) measurement and normalization 
factors circuit 20. Measurement of the print con- 
trast ratio ensures that the background percentage 
level is not too dark. Normalization factors are 
determined through a set of rules based upon the 
print contrast ratio and the black peak level. These 
normalization factors include a multiplication scale 
factor and a subtracter. 

The normalization factors are determined utiliz- 
ing the following rules: 

1. If the background percentage level is less that 
the dark background threshold, then: 

make the subtracter equal the background 
percentage level; 
Else, if PGR is sufficient, then; 

make the subtracter equal to the average of 
the background percentage level and the white 
level; 

Else, if the average of the background percent- 
age level and the white level is greater than the 
dark background threshold, then: 

make the subtracter equal the previous sub- 
tractor. 

2. If the PGR is insufficient and the background 
percentage level is less than the dark back- 
ground threshold, then: 

make the multiplication scale factor equal 
255/(previous black peak - subtracter); 
Else, make the multiplication scale factor equal 
255/(black peak - subtracter). 
The normalization factors are then used to 
scale the picture elements of the tile at block 22. 
These factors are utilized to normalize the picture 
elements in the tile, such that by using the subtrac- 
ter factor, the picture element lighter than the back- 
ground level is forced to white, and by using the 



multiplication scale factor, the black picture ele- 
ments are forced to the highest black level or to 
the full dynamic range of the gray scale level 
values. The output of image normalization circuit 

5 22 represents an enhanced image of the original 
gray scale image. The enhanced image is the 
same size as the original gray scale image and is 
not broken up into tiles. 

The output of image normalization circuit 22 is 

10 further enhanced and applied to an image cor- 
relator 24, which functions as a standard correlator, 
such as described in U.S. Patent Nos. 3,761,876 
and/or 4,162,481. the descriptions of which are 
hereby incorporated by reference. Additionally, cor- 

75 relator 24 may function as a multibit correlator. 

The output of image correlator circuit 24 is 
applied to an image filter 26 which functions as a 
spot filter to remove single picture elements spots 
or small spots appearing within the image. The 

20 output of image filter 26 represents a normalized 
and correlated enhanced image of the gray scale 
image data which may be applied to an optical 
character recognition device for character recogni- 
tion. Additionally, the output of image filter 26 may 

25 be applied to a video display terminal to provide an 
enhanced image of a document to an operator at a 
work station. 

The size of the tiles processed, correlator area 
sum and the spots removed by image filter 26 are 

30 dependent on the sample density of the image. For 
a sample density of 300 picture elements per inch, 
a tile size of 65 picture elements with a 50% 
overlap may be utilized. Additionally, a 9 by 9 
correlator area sum and a spot filter to remove four 

35 picture element spots and voids may be utilized. 

It therefore can be seen that the present inven- 
tion functions to perform both normalization and 
correlation of a gray scale image such that the 
image fills the entire desired dynamic range to 

40 generate an enhanced image. 

Whereas the present invention has been de- 
scribed with respect to specific embodiments 
thereof, it will be understood that various changes 
and modifications will be suggested to one skilled 

45 in the art and it is intended to encompass such 
changes and modifications as fall within the scope 
of the appended claims. 

Claims 

50 

1. A processor for generating an enhanced Image 
of data based upon input gray scale pixel 
values of image data of a document back- 
ground and printed information contained 
55 thereon, the gray scale pixel values having a 

maximum black pixel value and a maximum 
white pixel value, the processor comprising: 
means for dividing the image data into a 
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plurality of tiles, each of said tiles representing 
an area of the image; 

means for generating a histogram of the 
gray scale pixel values of image data for each 
of said tiles of the image representing the 5 
frequency of occurrence of pixels of a particu- 
lar gray scale pixel value; 

means for processing said histogram to 
determine a background level; 

means for processing said histogram to lo 
generate a processed histogram for each of 
said tiles; 

means for determining a black reference 
level in each of said tiles based upon said 
processed histogram; 75 

means for determining a white peak level 
and a print contrast ratio in each of said tiles 
based upon said processed histogram; 

means for dynamically selecting said 
background level and said white peak level to zo 
determine a white reference level based upon 
said black reference level, said print contrast 
ratio, said background level, and said white 
peak level in each of said tiles; 

means for calculating normalization factors 25 
based upon said black reference level and said 
white reference level for each of said tiles; 

means for normalizing each of the input 
gray scale pixel values of the image data asso- 
ciated with the appropriate normalization fac- 30 
tors of each of said tiles based upon said 
normalization factors to generate normalized 
pixel values representative of the image data 
for each of said tiles, such that input gray 
scale pixel values blacker than said black ref- 35 
ere nee level are forced to the maximum black 
pixel value, and Input gray scale pixel values 
whiter than said white reference level are 
forced to the maximum white pixel value, and 
all other input gray scale pixel values are lin- 4o 
early scaled to a value between the maximum 
white pixel value and the maximum black pixel 
value; and 

means for correlating within each of said 
tiles said normalized pixel values representa- 45 
tive of the Image data by comparing each of 
said normalized pixel values and a group of 
normalized pixel values against a correlation 
curve to generate a correlated image. 

50 

2, The processor of Claim 1 and further including: 
means for producing pixel values of said 
correlated image based upon the comparison 
of said normalized pixel values and an area 
sum of normalized pixel values against a cor- 55 
relation curve. 



3. The processor of Claim 1 and further including: 
means for producing a gray scale image 
based upon the comparison of said normalized 
pixel values and an area sum of normalized 
pixel values against multiple correlation curves 
to determine the gray scale value of the pixel 
value in said correlated image. 
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